DEPARTMVENT OF THE ARWY ETL 1110-1-158
U S. Arny Corps of Engineers
CEMP- RT Washi ngton, D.C. 20314-1000

Techni cal Letter
No. 1110-1-158 28 February 1995

Engi neering and Design
TREATABI LI TY STUDI ES FOR
SOLI DI FI CATI ON/ STABI LI ZATI ON OF
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1. Purpose. This letter furnishes information and gui dance on
scoping a treatability study for solidification/stabilization
(S/'S) of contam nated materi al

2. Applicability. This letter applies to all HQUSACE CCE
el ement s and USACE Conmands havi ng Hazardous, Toxic, and
Radi oactive Waste (HTRW investigation and design responsibility.

3. References. References are listed in Appendix A

4. Background. Solidification/stabilization is applicable for
the treatment of contam nated |iquids, soils, and sludges. This
ETL will focus on S/S treatability studies for soils and sl udges.
S/ISrefers to treatnent processes that are designed to acconplish
one or nore of the following: 1) inprove the handling and

physi cal characteristics of the waste; 2) decrease the surface
area of the waste nass across which | oss of contam nants can
occur; and 3) reduce the solubility of hazardous constituents in
the waste. The final product of an S/S process may vary froma
granular, soil-like material to a cohesive solid depending on the
amount of reagents added and the type of waste being treated.

S/'S can be performed as an in-situ process or the contam nated
material can be excavated and treated above ground in sone type
of mxing unit.

a. Definitions. Solidification and stabilization refer to
di fferent processes which occur during treatment. The U. S. EPA
has defined the terns as foll ows:

(1) Solidification. Solidification refers to techniques
t hat encapsul ate the waste in a nonolithic solid of high
structural integrity. The encapsul ation may be of fine waste
particles (mcroencapsul ation) or of a |large bl ock or container
of waste (macroencapsulation). Solidification does not
necessarily involve a chem cal interaction between the waste and
the solidifying reagents, but may nmechanically bind the waste
into a nmonolith. Contaminant mgration is restricted by
decreasing the surface area exposed to | eaching and/ or by
isolating the waste within an I npervious capsul e.
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(2) Stabilization. Stabilization refers to those techniques
whi ch reduce the hazard potential of a waste by converting the
contam nants into their |east soluble, nobile or toxic form The
physi cal nature and handling characteristics of the waste are not
necessarily changed by stabilization.

b. Application of Technology. Solidification/stabilization
is a proven technology for the treatnment of liquids, soils, and
sl udges contam nated with heavy metals. S/'S of organic waste is
difficult and care needs to be taken to carefully evaluate the
ef fectiveness of such processes. Oganics rarely react with
treatnent reagents, often volatilize during the S/S process, and
often interfere with the reagent setting process. Wen
significant |levels of organic contam nation are present, they
shoul d be renoved by thermal treatnent or biologlical processes
prior to performing S/S. Selection of S/S as a renedi ation
technol ogy is al so supported by recent devel opnents in the
environnmental regulations. The follow ng paragraphs address the
Resource Conservation and Recovery Act and the Conprehensive
Envi ronnment al Response, Conpensation, and Liability Act as they
pertain to the S/S of hazardous waste.

(1) Resource Conservation and Recovery Act (RCRA). RCRA was
signed into law in 1976. The goal of RCRAis to pronote
protection of health and the environment fromthe carel ess
di sposal of waste products. |In 1984, the Hazardous and Solid
Waste Anendnents (HSWA) to RCRA were signed into |aw. These
amendnments significantly expanded both the scope and requirenments
of RCRA. A key portion of the HSWA regul ations is the
establ i shnent of treatnent standards for every waste or group of
simlar wastes. Treatnent standards are based on the performance
of the best denonstrated avail abl e technol ogy (BDAT) to treat the
waste. Treatnment standards can be established either as a
specific treatnent technology or as a concentration |evel based
on a BDAT technol ogy. The BDAT performance standard is based on
S/'S for several types of waste. It is inmportant to understand
t he application of RCRA waste codes as they apply to wastes
treated by S/S. There are two groups to consider, "Listed
Wastes” and "Characteristic Wastes". Listed Wastes are wastes
wi th codes beginning with F,K,P, or U Once treated, these
wastes retain their original waste code and nust be managed as
hazar dous wastes unless fornmally delisted. Characteristic wastes
are those hazardous wastes which are not specifically listed by
t he EPA and are not assigned a hazardous waste nunber, but which
are found to be hazardous by one of the follow ng
characteristics: corrosivity, reactivity, ignitability, or
toxicity. Characteristic wastes, once treated, are no |onger
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hazar dous wastes unless they still exhibit a hazardous
characteristic.

(2) The Conprehensive Environnmental Response, Conpensation,
and Liability Act (CERCLA). CERCLA established a procedure for
respondi ng to rel eases of hazardous substances which ultimtely
invol ves site renediation actions potentially utilizing the SIS
t echnol ogy. CERCLA requires contam nated sites to be
investigated, prioritized, and renedi ated. Requirenments of other
regul ations such as RCRA, Clean Air Act, and Clean Water Act are
integrated into the CERCLA process when eval uating alternative
remedi al actions by identification of what are referred to as
Applicabl e or Rel evant and Appropriate Regul ations (ARARS). The
Super fund Anmendnents and Reaut horization Act (SARA) was enacted
in 1986. SARA reauthorized and further defined the CERCLA
regul ati ons. SARA strongly recommends renedial actions involving
on-site treatnent nethods which reduce the toxicity, nmobility or
vol ume of hazardous substances. S/Sis an applicable treatnent
t echnol ogy based on these criteria since it reduces the nobility
of contam nants.

c. Reagents. Reagents are the materials which are m xed
with contam nated soils, sludges, and liquids to reduce the
nmobility of the contam nants by chem cal and physical reactions.
There are two basic types of S/'S reagents, organic and inorganic.
Organi c reagents have rarely been used for the cleanup of
hazardous waste sites. Therefore, this ETL will focus on the use
of inorganic reagents. The normal processing steps when using
inorgani c reagents are to 1) chemcally react with all the water
present, 2) chemcally react with the contaminants to render them
I nsol ubl e, and then 3) encapsul ate the products.

(1) Inorganic Reagents. Inorganic reagents nost often used
for SIS include portland cenent, fly ash, |lime, phosphates, and
Kiln dust fromlinme and cement production. Al of these reagents
have basically the same general types of active ingredients as
far as S/S reactions are concerned. These active ingredients
include SiQ, CaO MO Al ,0, and Fe,0.

(2) Oganophillic day. Oganophillic clay has been
proposed for use to adsorb organic contam nants so that they can
be trapped in a solidified matrix. Lab tests have indicated that
sone organophillic clays chemcally bond to organics. However,
the strength of this bond is of concern. In nost cases, the
mechani sm by which the organics are trapped is nerely physical
adsorption. Oganophillic clays show sone prom se in conbination
with other reagents for the treatnment of organics.
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(3) Proprietary Processes. There are many proprietary
processes avail abl e which are generally a conbination of the
above reagents. These proprietary processes may include
additives to fix specific constituents, or anti-inhibiting agents
to solidify wastes that are difficult to treat. A summary of
proprietary processes and their applicability is provided in the
text entitled "Chem cal Fixation and Solidification of Hazardous
Wast es" by Jess Conner.

(4) Mx Ratios. The optinmumreagent to waste mx ratio is
typically around .25 for contam nated soil. However, this ratio
can vary anywhere from.1l to 2.0 dependi ng on the contam nants
present and the initial noisture content of the waste.

d. Treatnent Technologies. S/ S treatnent can be perfornmed
either in-situ or ex-situ. In-situ treatment of soil 1s
generally performed by injecting reagents into the ground and
then m xing the reagents and contam nated soil with an auger. An
ex-situ S/'S systemgenerally consists of a pug mll m xer,
chem cal storage and feed devices, punps, conveyors, and netering
and neasuring equi pnent. Punps or nechani cal conveyors are used
to transport the waste into a surge tank or feed hopper which in
turn feeds the waste into the mxer where it is mxed with S/S
reagents and water. Depending on the process used, one or nore
dry or liquid reagents nmay be added to the waste in the m xer
Typical mxing tines are reported to range from1l to 30 m nutes.
Stabilization reagents are often added prior to solidification
reagents to allow the stabilizing reagents time to react with the
contamnants. |If the solidifying reagents are added too soon,
they could inhibit the stabilization reactions. After m xing,
the treated material is cured and then tested to verify it neets
all physical and chem cal paraneters specified.

(1) Post-treatnent testing requirenents vary fromproject to
proj ect depending on the regul atory agencies involved. Post-
treatnent testing consists of both chem cal and physical tests.
Required chem cal testing often consists of performng the
Toxicity Characteristics Leaching Procedure (TCLP) and chem cally
anal yzing the extract. Physical paraneters tested will vary from
project to project and may include unconfined conpressive
strength, perneability, and durability.

(2) Frequency of post-treatment testing is also subject to
approval by regul atory agencies and varies fromproject to
project. The nost comon frequency for testing 1s one set of
tests per 400 to 800 cubic neters (500 to 1,000 cubic yards) of
treated material. However, testing frequencies of greater than
once every 75 cubic neters (100 cubic yards) have been used on
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sone Corps projects. During the remedi ation work, post-treatnment
testing creates |ogistics problens because of the need to all ow
material time to cure and the time required to performthe
quality control testing. |If the treated material is to be
deposited in an off-site landfill, tenporary |lined and covered
stockpiles are generally used to hold the material until testing
confirms it meets all post-treatnent criteria. At sites where
the material will be deposited in an on-site landfill, it is
generally placed directly into the landfill with requirenents
laid out in the specifications preventing the material from being
covered by subsequent lifts until post-treatment testing is
successfully conpl et ed.

e. Treatability Study Goals. Prior to performng an S/'S
treatability study, the objectives of the study should be clearly
defined and the applicable regulatory requirenments should be
determined. A treatability study perfornmed by the governnent can
be perforned during the renmedial investigation, feasibility
study, or design phase. Generally, the objective of a
treatability study performed by the Governnent is to establish
the feasibility of using a treatnent process to protect the
environment, public health, and welfare. Objectives of an S/'S
treatability study nmay al so include one or nore of the follow ng:

-Determ ne the nost econom cal m x design;

-ldentify handling problens such as oversize material;
-ldentify if volatile em ssions are a concern;

-Assess physical and chemical uniformty of the waste;

-Det erm ne vol une increase associated wth the S/'S process.

To the greatest extent possible, a treatability study shoul d be
conducted in such a manner that it is representative of the full-
scal e renedi ation process. The results of a treatability study
perforned by the CGovernment nmay be included in contract
docunents. However, these results should be provided for
information only. The final m x design selected for use in the
field should generally be the Contractor's responsibility. The
nmet hod of disposal of the treated material often plays a critical
role in structuring a treatability study since an off-site

di sposal facility may have nore stringent requirenments for the
treated material than the regulatory requirenents.

f. Treatability Study Sanples. Sanpling, handling, and
wast e characterization nust be carefully considered so that a
treatability study is run on material which is representative of
site conditions. Evaluation of previous site characterization
data shoul d be carefully perforned to determ ne |ocations for the
coll ection of representative sanples. Consideration should al so
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be given to how the contam nated nmaterial will be excavated and
m xed during full scale treatnent so that sanples are
representative of these conditions. Treatability studies
perfornmed by the Government are sonetines performed on the nost
hi ghly contam nated material present. This will provide
assurance that all the contamnated nmaterial at the site can be
treated by the S/S process. However, this can also result in
over-design and unrealistically high cost estimates. A better
approach would be to test the nost highly contam nated nmateri al
present and material representative of average site conditions.
The material representative of average site conditions would
allow the treatment costs to be nore accurately estinmated during
t he design phase. Soil sanples can be collected using backhoes,
hol | ow stem augers, or they can be surface sanples collected
using hand tools. Sludge and liquid sanples are typically

coll ected using hand tools. Requirenments for preparing a scope
of work for collecting sanples for investigations and studies are
descri bed in EM 200-1-3. The anount of contam nated materi al
needed to performan S/S treatability study will vary dependi ng
on the conplexity of the study. A mnimumof 40 liters (10
gallons) of material should be collected. However, nost
treatability studies require nore material than this and an
estimate of the amount of material needed shoul d be nade by
determ ning the nunber and type of tests to be perforned during
t he study.

(1) Sample Locations. |In nost instances, previous site
characterization will have been performed prior to collection of
sanples for the treatability study. Therefore, judgnental
sanpling is the nost conmmon nethod of determ ning sanple
col l ection points. The judgnental sanpling approach uses
techni cal expertise to determ ne the nost appropriate sanpling
| ocation based on operational history, visual survey, and
previous sanpling. No matter how well a site has been
characterized, heterogeneity nmay make collection of a
representative sanple difficult. To help alleviate this problem
field screening techniques can be used to quickly ensure the
contam nants present in the sanples are representative of site
conditions. Field screening techniques include the follow ng:
soi|l gas, organic screening, flane ionizing detector (FID), photo
i oni zation detector (PID), nmetals screening (geophysical, x-ray
fluorescence), and PCB/ PCP test kits. Refer to EPA/ 540/ 2-88/005
"Field Screening Methods Catal og, User's Quide" for a
conpr ehensi ve di scussion of field screening nmethods.

(2) Sanple Homogenization. Prior to initial characterization
of the sanples at the | aboratory, honogenization and renoval of
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oversize material by sieving are performed to create uniform
sanples for the treatability study.

(a) Particle size reduction is perforned so that sanples can
be easily nolded for testing. However, consideration should be
given to how this will affect the properties of the sanple
relative to the waste that will be treated during full scale
remedi ation. For exanple, if a material is going to pass a 2
inch field screen during full scale renediation, then it would be
i nappropriate to grind the sanple in a nortar and pestle prior to
testing during the treatability study.

(b) Samples are typically honbgeni zed by a nechani cal m xer
in the |laboratory. 1In sonme instances, sanples have been
honogeni zed in the field so that extra material can be stored on-
site. This material has then been provided to potential bidders
so that they could performtreatability studies using their own
S/'S reagents and m x rati os.

(3) Initial Sanple Characterization. Initial sanple
characterization consists of perform ng both physical and
chemi cal tests. Physical characterization tests typically
perfornmed include noisture content, grain size distribution,
Atterberg limts, conpaction, and possibly other tests depending
on the project. Chemcal testing typically perforned includes
total chemcal analysis and | eaching tests for the contam nants
of concern. Refer to Paragraph 4.i. of this letter for
additional information on typical characterization testing.

(4) Replicate Testing. Replicate testing is performed
during various stages of a treatability study to determ ne the
reproduci bility of the chem cal and physical test results. The
amount of replicate testing depends on the type and phase of the
project and on the anmount of sanple available. Replicate testing
Is typically perfornmed during initial characterization to verify
the uniformty of the sanples being tested. Two or three sets of
replicate tests are generally perforned. Replicate testing can
be perforned by dividing the honbgeni zed sanple into two or three
subsanpl es and perform ng identical sets of tests on each
subsanpl e.

Treatability Study Procedures. Follow ng initial
characterization, several reagents are sel ected and numerous m X
rati os of waste, reagents, and water are prepared and tested to
?efﬁrnine the optimummx ratio. Mx ratio (MR) is defined as

ol | ows:
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MR = Wi ght of Reagent
Wi ght of Waste

M xi ng can be performed using mechani cal devices with

i nt erneshing ribbon or blade beaters. Various chem cal and
physical tests are used to judge the effectiveness of the m x
ratios. A typical set of tests mght include the follow ng: an
extraction procedure such as the TCLP to determ ne the anount of
contam nants | eaching fromthe treated material; unconfined
conpressive strength to provide an indication of physical
stability; and additional physical properties established on a
site-specific basis. Paragraph 4.i. describes sonme of the nore
common physical tests used during a treatability study.
Addi ti onal chem cal characterization testing may al so be required
for some treatability studies.

(1) Initial Testing of Mx Ratios. A treatability study is
often performed in stages. Sinple tests are performed in the
initial stages to elimnate mx ratios which are obviously not
going to be successful. Since physical characteristics are the
easiest to test for, they will normally be addressed first. The
initial test matrix will usually be a series of different
reagent/wast e/ wat er conbi nations. A typical set of mx ratios
m ght be created by using four reagents or reagent m xtures, each
at two or nore reagent to waste mx ratios and two or nore water
to waste ratios. The first paraneter measured is strength
devel opment. Strength is determ ned using a cone penetroneter or
an unconfined conpressive strength test. Strength tests are
usual Iy perforned after one to three days of curing. The
required | evel of strength of the treated material is determ ned
on a site specific basis. However, the treated material is
usual ly required to have an unconfined conpressive strength of at
| east 50 psi to ensure adequate bonding. The rationale for
selecting this value is an attenpt to require a bonding level in
excess of that achieved by sorbents. A m ni num conpressive
strength imt of 50 psi should also ensure the treated nateri al
wi Il provide sufficient strength to support a landfill cover
pl aced over the top of the material. 1In addition to strength
test results, observations about the following attributes of the
treated sanples are often recorded:

-Is the sanpl e spongy, powdery, granular, etc.?

-Is the surface softer than the underlying material ?

-Is there excess water on the sanple surface?

-Does the sanple exude fluid when subjected to finger
pressure?

-Is the fluid reabsorbed when the pressure is rel eased?

-Has the col or or odor changed?

8
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-Has the sanpl e expanded, shrunk, evolved gas, etc.?
-Did the tenperature of the sanple increase? _
-Was the reaction between the waste and reagents viol ent?

If one or nore of the initial test sanples has satisfactory

physi cal properties, that sanple is then subjected to a | eaching
test. Replicate testing is often not performed during this stage
of the treatability study. Using the information gained fromthe
above tests, either a general S/S fornulation is selected or the
initial fornmulation step is reiterated using different reagents
and/or mx ratios. Wen acceptable results have been obtai ned,
the next step is optimzation.

(2) Mx Design Optim zation. During the optimzation phase
of the study, several of the nobst prom sing reagents and m X
ratios are selected and a nore thorough set of tests is perforned
on these mx ratios. The cure tine for this phase of testing
wi Il usually be longer than during the initial mxing phase.
Cure times are typically 3 to 28 days. Usual Iy chem ca
| eachi ng and several physical tests are performed on the test
sanpl es during this phase. Replicate testing should al so be
perfornmed to provide assurance of the accuracy of the results.
The subsanpl es used during the initial characterization stage can
be used during this stage to create replicate sanples.

h. Test Sanples. Treatability study test sanples mnust be
prepared uniformy during each phase of testing in order to allow
val 1 d conparisons between the various m x ratios being tested.
The foll owi ng paragraphs describe typical sanple preparation
procedures.

(1) Sanple Preparation. Many of the test nethods used to
eval uate the effectiveness of the S/S process during a
treatability study do not specify sanple nolding requirenents.
To determine the density at which sanples will be tested, a
conpaction test is often perforned to determ ne maxi mum density
and optinum noi sture content. Based on the conpaction data,
sanples are tested at sone percentage of maxi mum density
(typically 90 percent). Treated material is weighed out and
conpacted into nolds which will produce sanples with the correct
length to dianmeter ratio for the tests which will be perforned.
I n some instances pieces of the sanples tested for unconfined
conpressi ve strength have been collected and tested for
| eachability.

(2) Curing Procedure. Sanples are normally cured at 95-100
percent relative humdity at 20 to 25 degrees Cin a tenperature-
hum dity control |l ed chanber.
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i. Physical Test Procedures. The following is a summary of
t he nmore conmmon physical test procedures used when perform ng
treatability studies.

(1) Strength. Strength testing is often used during a
treatability study to indicate how well a material will endure
stresses created by overburden and earth nmovi ng equi pnment.
Strength test data is also frequently used to provide a baseline
for comparison between unstabilized and stabilized waste.

Unconfi ned conpressive strength is the nost commonly used
strength paraneter for S/S treatability studies. However
unconfined conpressive strength is meaningful only for cohesive
material. The followng are the nost comonly used test
procedures for determ ning strength:

(a) Unconfined Conpressive Strength (ASTM D 2166-91):
Det erm nes t he behavior of the material under nmechanical stress
(soil-like materials).

(b) Unconfined Conpressive Strength (ASTM D 1633-90):
Det erm nes the behavior of the material under nechanical stress
(concrete-like materials).

(c) Unconfined Conpressive Strength (ASTM C 109-91):
Det erm nes the behavior of 2 inch cube sanpl es under nechani cal
stress (concrete-like materials).

(d) Pocket Penetroneter. The pocket penetroneter is a hand-
hel d device that provides a crude estinmate of the wunconfined
conpressive strength of treated material. The test is perfornmed
by pushing a netal rod against the surface of the treated
material and measuring resistance. A mninmmsanple size of 100
grans is required to provide enough material to mnimze wall and
bottom effects of the sanple container. The test is sonetines
used in the initial stages of a treatability study instead of
unconfined conpressive strength because of the speed at which it
can be perforned.

(e) Cone Penetroneter. The cone penetroneter is a nore
accurate test than the pocket penetroneter. The test procedure
is described in FM 5-430-00-1. This test can be used to
determne set time for treated nmaterial and can al so be
correlated to conpressive strength. The test is sonetinmes used
inthe initial stages of a treatability study instead of
unconfined conpressive strength because of the speed at which it
can be perforned.

10
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(2) Pernmeability. A maxinmum allowable perneability is
sonmetimes specified for treated naterial by regulators. However,
perneability testing should be used with caution since higher
perneability is not necessarily related to |leachability and the
pl acenent of |ow perneability waste within a landfill may result
In ponded water wthin the landfill. The perneability of treated
material is generally measured with a flexible wall perneaneter
using the test procedure described in ASTM D 5084-90. If
perneability testing is to be perforned as part of a treatability
study, consideration needs to be given to the appropriate
confining pressure, gradient, and perneating fluid which will be
representative of field conditions.

(3) Durability. Durability tests are sonetinmes perfornmed on
treated sanples during a treatability study. These tests are
often used by conparing results with other test specinens (i.e.,
how many cycles can one m xture withstand versus a different
m xture). The test procedures specified for durability testing
of waste are entitled: Test Method for Determ ning the
Resi stance of Solid Wastes to Freezing and Thawi ng (ASTM D 4842-
90) and Test Method for Wetting and Drying Test of Solid Wastes
(ASTM D 4843-88) .

(4) Moisture-Density (Conpaction Tests). Conpaction tests
are run on treated and untreated material to determ ne conpaction
requirements for treatability study test specinens. Tr eat ed
material is often conpacted to around 90 percent of maxi mum
density during a treatability study. It should be noted that
opti mum water content for conpaction is often not the optinmm
water content required for hydration reactions. The two nost
comonly used conpaction test nmethods are the standard (ASTM D
698-91) and nodified (ASTM D 1557-91) conpaction tests.

(5) Index Properties. Various index properties may be
val uabl e in characterizing both untreated and treated naterial .
The following is a partial list of these tests. Additional
in;ornation on these test nethods can be found in EPA/ 625/ 6-
89/ 022.

(a) Moisture Content (ASTM D 2216-90): Generally used as a
classification tool to determ ne the anount of free water present
inamterial. This test is often used to determne if
pretreatnment to renove free liquids is necessary. Moisture
content can al so be used to determ ne how well a sanple has been
honmogeni zed prior to initial characterization testing.

(b) Apparent Specific Gavity and Bul k Density (ASTM D 5057-
90): Bulk density 1s used to relate weight to volume for

11
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mat erial handling calculations. Calculated increases in the
volune of material due to treatnment help to determne the vol une
of landfill space required.

(c) Suspended Solids (Standard Met hods 2540 D): Used to
determ ne the amount of solids that do not settle froma colum
of liquid. Suspended solids content is an inportant paraneter
for determning material handling requirenents such as whether or
not the waste is punpable. Suspended solids content can al so be
used to estimate the decrease in volune that can be achi eved by
dewat eri ng.

(d) Particle Size Analysis (ASTM D 422-90): Generally used
as a classification tool and as an indicator of difficulties that
coul d be encountered in processing. Very fine or very coarse
particles can increase the difficulty of performng S/S. Sone
contam nants tend to bind preferentially to small soil particles.
Very large particles may require particle size reduction prior to
treatnent or renoval and separate di sposal

(e) Atterberg Limts (ASTM D 4318-84): Used as a
classification tool for the fine grained fraction of untreated
material. Atterberg limts are used to estinmate properties such
as conpressibility, strength, and swelling.

(f) Paint Filter Test (USEPA SW846, Method 9095): The
pl acenent of bulk liquid hazardous waste or hazardous waste
containing free liquid in any landfill is prohibited. The Paint
Filter Test may be perforned before or after treatnent of a waste
to determine if it contains free |iquid.

(g) Bleed Water of Concrete (ASTM C 232-92): This test is
used to measure the amount of water that will bleed froma
freshly m xed sanple of treated waste

j. Chemcal Test Requirenents. ER 1110-1-263 prescribes
Chem cal Data Quality Managenment (CDQW) responsibilities and
procedures for all chem cal contam nation investigative and
remedi al activities to assure that the anal ytical data obtai ned
is of sufficient quality. The nmethods used for anal yses of
hazardous waste and | eachate are contai ned and described in SW
846. EPA/ 625/ 6-89/022 provi des additional information on
chegical test procedures typically used for an S/S treatability
st udy.

(1) Project Chemst. The project chem st nust collaborate
with the design engineer in formulating the appropriate
analytical requirenents to nmeet the data quality objectives of
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the treatability study. The follow ng factors should be

consi dered when sel ecting methods to anal yze and appropriate
quahlty control neasures for inplenmentation of the treatability
st udy:

-stage of project;

-contam nants of interest;

-sanpl e nedi a;

-antici pated nunber of sanples;

-li kely range of contam nant concentration;

-anal ytical turnaround tinmne;

-identification or quantification or both required;
-required quantitation limt;

- cost.

(2) Data Quality Cbjectives (DQOs). Data Quality Qbjectives
are defined as an integrated set of thought processes which
define data quality requirenents based on the intended use of the
data. Al project specific data quality objectives nmust be
clearly defined within the appropriate project plan. During a
treatability study, the data 1s used to verify that regul atory
| evel s can be attained or disposal criteria can be nmet. Data
errors which occur during a treatability study could have a
consi derabl e inpact during | ater phases of the project. For this
reason, DQOs established are nornmally quantitative and stringent.

(3) Analytical Protocol. DQ0Os are established
quantitatively with appropriate ranges. The anal ytical protocol
used to support these DQOs should require positive identification
and quantitation of contam nants of concern, therefore,
st andar di zed test nethods shoul d be used.

(4) PARCC Paraneters. Precision, accuracy,
representativeness, conpleteness, and conparability (PARCC)
paraneters must be established for the chem cal tests perfornmed
during a treatabilty study.

(a) Precision is the neasure of the |level of random error
associated with a given set of neasurenents, cal cul ated using
standard deviation or relative percent difference in replicate
anal ysis, and is determ ned by the objectives of the project.
Precision is commonly assessed by taking a sufficient nunber of
sanpl es, including replicates.

(b) Accuracy is the estimate of the rel ative agreenent of
t he measured value with the true or expected value. Accuracy is
controll ed by prescribing appropriate sanpling procedures, sanple
handl i ng (including preservation) and anal ytical procedures.
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Strict adherence to standard operating procedures during sanpling
and anal ysis, and avoiding field cross-contam nati on by

i npl enentati on of thorough decontam nation procedures will ensure
a high degree of accuracy.

(c) Representativeness is the degree to which data
accurately and precisely portrays the environnental conditions
bei ng st udi ed.

(d) Comparability is the qualitative estimte of the
rel ati ve confidence wth which the data obtained fromone set of
nmeasurenents nmay be conpared to data from anot her set of
nmeasurenments. The degree of conparability is directly related to
t he precision, accuracy, and representativeness of the data in
each set. Factors that are likely to contribute to systenmatic
and random error of the data should be eval uated and appropriate
nmet hods that allow collection of the type, quality, and quantity
of data needed for the treatability study should be sel ected.

(e) Conmpleteness is the estimate of the nunmber of valid
nmeasurenents nmade as conpared to the total nunber of measurenents
performed. The |evel of conpleteness required for a given set of
data is determ ned by the nunber of valid nmeasurenents that nust
be obtained to satisfy the data use. To enphasize, conparability
and representativeness are qualitative objectives of the data;
whi |l e conpl et eness goals are defined for individual sanpling and
anal ytical protocols or may be conbined to assess the project as
a whole. Precision and accuracy paraneters, on the other hand,
represent quantitative limts bel ow which data is unacceptabl e,
and corrective action nust be taken.

(5) Application of PARCC Paraneters. Precision and accuracy
goals may be established at |evels specified within the nethods
or nore stringent as required by project DQOs. |If no goals are
presented within the methods, project specific ranges nust be
establ i shed for precision and accuracy I n order to generate data
of consistent quality throughout the study.

(6) QA/QC Procedures. Quality assurance/quality contro
procedures are a programof field and | aboratory operations
enpl oyed to assess the validity of the sanpling and anal yti cal
work perforned. Sanpling QA QC procedures normally require the
acquisition of replicate sanples (field duplicates, splits, etc.)
and associ ated blanks (rinsates, trip blanks, etc.). Laboratory
QY QC procedures enconpass the required anal ysis of nethod
bl anks, duplicate sanples, surrogate conpounds, spi ke sanples,
etc. These operations allow calculation of both field and
| aboratory precision and accuracy achieved in conjunction with
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the data. These data quality indicators are then conpared to
those paraneters established at the initiation of the project to
assess contract conpliance.

k. Leaching Procedures. The primary objective of S/ISis to
i mobi | i ze contam nants in waste. Leachability testing is used
to predict how well contam nants have been i mmobilized. No
single |l eaching test procedure can duplicate all possible field

conditions. ldeally, the treated waste would be | each-tested
with the actual surface water, ground water or rain water present
at the site. |In practice, this is rarely possible, both because

of lack of definitive know edge about site conditions and because
of regulatory philosophy. Therefore, standard |eachability tests
have been devel oped by the EPA and several states. The major
test variables are nornally specified for a given test procedure,
but latitude in the specification and controllability of the

vari abl es can cause significant problems with reproducibility.
Most of the tests presently used for regul atory purposes are

bat ch procedures in which the waste is contacted with a | eachate
for a specific period of tine, agitating the mxture to achieve
continuous mxing. Chemcal equilibriumis often obtained,
especially when the solidified waste is crushed before
extraction. After extraction and separation of the |eachate
fluid fromthe solid waste, the |l eachate is analyzed for specific
constituents. Myst of these tests use a | eachate to waste ratio
of 20:1 so that the maxi mum concentration of constituent which
can be attained in the |eachate is 5%of that in the original
solid waste. The |eachate used in nost cases is a dilute acid.
The total amount of acid added varies with the test and/or with
the alkalinity of the waste. The pH of the |eachate at the end
of the test is usually controlled by the alkalinity of the waste
when the | eachate is deionized water or dilute acid. Final pHis
one of the controlling factors in nmetal |eaching.

. TCLP. The TCLP is the regulatory |eaching procedure
currently used in the United States. The TCLP invol ves passing
the solid portion of a sanple through a 9.5 mm sieve. The sanple
is then placed in a rotary agitation device along with an acetic
acid solution at a ratio of 1 part waste to 20 parts acetic acid.
The sanple and acid solution are then mxed for 18 hours in the
rotary agitation device at a rate of 30 revolutions per m nute.
Once the m xing has been conpleted, the acetic acid solution is
anal yzed to determ ne how nmuch of the contam nants have | eached
out of the sanple. |If the anobunt of contam nants that have
| eached out exceeds regulatory criteria, then the waste is
classified as hazardous. The conplete procedure for the TCLP is
described in SW846, Method 1311. Sone precautions about
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interpreting the results of the TCLP are provided in the
fol | om ng paragraphs.

(1) The TCLP is designed to sinulate the |eaching potenti al
of a waste within an unmanaged | andfill designed for mnunici pal
refuse. Such landfills are known to generate organic acids
during deconposition of organic matter in the refuse. The
purpose of acetic acid in the leachant is to sinmulate those
acids. However, the test does not sinulate the conditions of
nost present-day hazardous waste |andfills because these
landfills often contain very little biodegradable organic matter.

(2) If the TCLP is used for cenent-based waste fornms, it nmay
not yield maxi mum concentrations of contamnants. This is the
result of the acetic acid solution not being able to sufficiently
reduce the el evated pH caused by the crushed cenent. Thus, an
unground sanpl e could exhibit nore | eaching than a ground sanple
in the TCLP test.

(3) Some netals are anphoteric which neans they are nore
soluble at both | ow and high pH values. Solidified waste is
general ly caustic and, when m xed with the acetic acid sol ution,
could lower the pHto the point where the netals exhibit m nimum
solubility. If this occurs, the quantity of metals |eached would
be | ower than those | eached under natural conditions.

(4) The goal of SISis to protect the environnment, not
sinply to pass the TCLP test. Oher extraction tests can be used
to assess maxi mum | eachate concentrations and to better sinulate
actual field conditions. A partial sunmary of other |eaching
test procedures is presented in EPA/625/6-89/022. No |eaching
test can sinmulate all real world conditions that the treated
waste may be exposed to and no information regarding the |ong-
term performance of S/'S processes is available. Therefore,
physi cal tests such as durability, strength, and pernmeability can
be used to help evaluate the long-termeffectiveness of the S/S
process. Surface area effects can al so be studied by crushing
the |l each test sanples to varying degrees.

m Sanpling and Analysis Plan. A Sanpling and Anal ysis Pl an
(SAP) shoul d be incorporated into the treatability study work
plan if the contractor will also be responsible for sanple
collection. A SAP is prepared to ensure that test data, acquired
during both sanple collection and performance of the treatability
study, is of sufficient quality to neet the intended uses. Data
qual 1ty depends not only on how carefully a test method is
carried out, but also on the sanple point selection, sanpling
procedures, sanple integrity and test nethods selected. Data
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qual ity objectives should be defined in the scope of work to help
gui de the Contractor in determ ning required sanpling procedures
and test nethods. Requirenents for the contents of a SAP are
described in EM 200-1-3. EP 200-1-2 provides gui dance on
mani f esti ng RCRA hazardous waste.

n. Data Interpretation. Standard procedures are not
available for interpretation of the data froman S/S treatability
study. The results of the chem cal and physical testing must be
conpare? agai nst the regulatory criteria for the treated
materi al .

(1) Dilution Effect. The results of |eaching tests for
treated sanples should be conpared with the results for
untreated sanples. The binder and water added during S/S will
dilute the waste. Therefore, the data nmust be nornalized to the
dry raw waste content. The data can then be presented as a
percent treatment effectiveness to determ ne the benefits of S/S
and to conpare the various mx ratios. The follow ng equation
can be used to take into account the affect of dilution by the
reagents:

Percent Reduction = 100(1-(1+AR)(Treated TCLP Conc.))
(Raw TCLP Conc.)

AR = Additive Ratio = Weight of Additive
Wi ght of Waste

(2) Bulking Factor. The bulking factor is the amunt of
volume increase that will occur as a result of the addition of
treatment reagents. Frequently a maxi mum al | owabl e bul ki ng
factor will be one of the criteria established for a treatability
study. The follow ng equation can be used to determ ne the
bul ki ng factor (B)

B=(1+R *Dinsitu *1 + Mtreated - 1

D treated 1+ Minsitu
R =Dy weight ratio of solidifying agent to waste
Dinsitu = Bulk unit weight of insitu waste
Dtreated = Bul k unit weight of conpacted treated

mat eri al o
MC insitu = Mbisture content of insitu waste
MC treated = Moisture content of treated materi al
( Opti mum Reagents and M x Ratios. Based on the
t

3)
treatability study results, the reagents and m x ratios which
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most econom cal |y achieve the chem cal and physical treatnent
criteria should be selected.

5. Di scussi on.

a. Appendix B provides an outline of topics which should be
considered for inclusion in a Solidification/ Stabilization
Treatability Study Scope of Wrk (SON. Not all topics in the
outline are appropriate for each project. The designer should
sel ect the sections of the SOW which are applicable on a site-
specific basis. Under sonme circunstances, additional scope
t opi cs shoul d be devel oped to suppl enent those presented here.
The outline is supplenmented by text describing the typical
requirenents for each topic. ~OQher docunents are also referenced
whi ch describe standard requirements which should be incorporated
into an S/S treatability study SOW

h. Based on the treatability study SON the Contractor will
prepare a work plan outlining all tasks to be perforned during
the treatability study. The work plan will be reviewed and
aﬁproved bg USACE prior to the Contractor initiating any work on
the treatability study.

c. Input during the preparation of the technical portions of
a SOWN shoul d be sought fromthe appropriate technical staff
within USACE. Waterways Experinent Station has perfornmed
numerous S/ S treatabili tg studi es and shoul d be consul ted when
scoping a conplex treatability study. The involvenent of in-
house technical expertise in scoping any phase of an HTRW proj ect
Is essential to providing a cost-effective high quality service
tobt_he clustorrer and to providing quality reviews of subsequent
subm ttals.

FOR THE DI RECTOR OF M LI TARY PROGRAME:

s
2 Appendi ces Qéﬁmﬂs, P.E.

APP A - References Chief, Environnental Restoration
APP B - Scope of Work ~Division _
(SON Qutline for a Directorate of Mlitary Prograns

Solidification/Stabili-
zation Treatability Study
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